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Mature Langerhans cells (mLC), the ex vivo correlates of interdigitating dendritic cells (IDC), are susceptible to infection
with HIV-1. As IDC are important activators of T helper (Th) cells in vivo, we examined the interaction of HIV-1-infected
mLC with CD4/ T lymphocytes. HIV-1-infected mLC readily formed clusters with the T cells and efficiently transmitted HIV-
1 to the CD4/ Th cells. Formation of syncytia between mLC and T cells was initiated by HIV-1-infected mLC. In the clusters
of HIV-1-infected mLC and activated T cells a massive HIV-1 production was observed leading to the subsequent elimination
of the activated and infected T helper cells. Examination of the cytokine pattern produced during interaction of infected
mLC with CD4/ T cells revealed an enhanced production of IFN-g and IL-10 in the cocultures. These results suggest that
during antigen presentation-driven T cell activation by IDC in the lymphoid tissues, HIV-1-infected IDC might efficiently
transmit the virus to Th cells, leading to altered Th cell responses. q 1996 Academic Press, Inc.
INTRODUCTION 1802et al., 1995b) and represent targets for HIV-1 infec-
tion in vivo (McIlroy et al., 1995).
Immature dendritic cells (DC) are found in a variety of
HIV-1 infection in vivo is characterized by permanentnonlymphoid tissues where they take up and process
high-level production of infectious virus associated withantigen. After migration to regional lymph nodes and mat-
a high-level daily turnover of CD4/ T cells (Ho et al.,uration into potent immunostimulatory cells, they differ-
1995; Wei et al., 1995). HIV-1 is primarily and persistentlyentiate into interdigitating cells (IDC) in the paracortical
produced within the secondary lymphoid tissues (Racz(T cell-) areas, thereby interacting with naive CD4/ T
et al., 1986; Pantaleo et al., 1993; Embretson et al., 1993).cells and initiating primary immune responses
In a recent report Cheynier et al. (1994) showed the si-(Steinman, 1991; Austyn, 1992). Epidermal Langerhans
multaneous outgrowth of certain T helper cell subsetscells, the immature skin DC, of HIV-1-positive individuals
and HIV-1 quasispecies in single splenic white pulps ofhave been found to harbor HIV-1 (Tschachler et al., 1987;
HIV-1-infected individuals, suggesting a recruitment ofDusserre et al., 1992; Gianetti et al., 1993; Sala et al.,
infected T cells via highly localized antigen presentation.1994). Blood dendritic cells (BDC), which represent a
Several lines of evidence have indicated the importancemixture of immature and mature DC (Weissman et al.,
of immunoregulatory defects at different levels of the1995), have been shown to be target cells of HIV-1 in
immune system during both early and late stages of HIV-vivo (Macatonia et al., 1990; Patterson et al., 1994), but
1 infection (Levy, 1993; Fauci, 1993). The specific loss ofother studies did not detect an infection of BDC in HIV-
memory T helper cells is associated with the impairment1-positive individuals (Cameron et al., 1992a; Karhumaeki
of memory T helper (Th) cell function (Gruters et al., 1990;et al., 1993). Infection of BDC with HIV-1 in vitro has been
van Noesel et al., 1990; Klimas et al., 1991), and thedescribed (Patterson and Knight, 1987; Chehimi et al.,
functional impairment of Th cells is reflected by an al-1993; Patterson et al., 1991; Langhoff et al., 1991; Weiss-
tered cytokine production pattern (Maggi et al., 1994;man et al., 1995), although others have failed to detect
Meyaard et al., 1994).HIV-1 infection of BDC in vitro (Cameron et al., 1992b,
1994a; Pinchuk et al., 1994). Mature dendritic cells, i.e., As mLC represent the ex vivo correlate of IDC, we
IDC and mature Langerhans cells (mLC), can propagate investigated the functional consequences of HIV-1 trans-
HIV-1 infection in vitro (Cameron et al., 1994b; Ludewig mission from productively infected mLC to primary CD4/
T lymphocytes. Close cell –cell interaction between mLC
and Th cells created a microenvironment allowing simul-1 To whom correspondence and reprint requests should be ad-
taneous T cell activation and HIV-1 transmission. Re-dressed at Fachbereich Virologie, Robert Koch-Institut, Nordufer 20,
13353 Berlin, Germany. Fax: 49-30-4547 2605. sponding Th cells were partially eliminated, resulting in
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a reduced T cell proliferation. However, cytokine produc- ture infectious dose using the MT4 cell line. Heat inacti-
vation of virus was done at 567 for 30 min. Highly purifiedtion, particularly of IFN-g and IL-10, was found to be
elevated. mLC, 97– 98% CD1a positive, were infected with HIV-1
strain IIIB for 3 hr at 377 at an m.o.i. of 0.2 and 2.0,
respectively. Control cells were incubated in supernatantMATERIALS AND METHODS
taken from the uninfected cell line used for the propaga-
Isolation of primary cells tion of HIV-1 or with heat-inactivated virus. The cells were
washed three times with PBS and cultured in LC-mediummLC were isolated as described previously (Ludewig
at 4 1 105 mLC/ml in 24-well plates (Nunc). Medium waset al., 1995b). Briefly, human skin was obtained from
replaced at Day 2 and TNF-a (100 U/ml) (Boehringercorrective plastic surgery. Subcutaneous fat was re-
Mannheim) was added to inhibit spontaneous mLCmoved and skin was incubated in dispase (Boehringer
apoptosis (Ludewig et al., 1995a). At Day 4 cells wereMannheim) at a final concentration of 2 mg/ml in PBS
washed twice in PBS, enumerated, resuspended at 105/overnight at 47. Epidermis was separated from dermis
ml, and used for coculture experiments. mLC (5 1 104)and laid on 5 ml LC-medium (RPMI 1640, 10% FCS, 2
were cultured a further day and analyzed for cell-associ-mM glutamine, 25 mM HEPES, 1 mM Na-pyruvate, 0.05
ated p24 antigen by APAAP immunocytochemistry. mLCmM 2-mercaptoethanol) containing 400 U/ml GM-CSF
(21 105) infected at an m.o.i. of 0.2 or 2.0 were cultured in(Boehringer Mannheim) in a 100-mm tissue culture dish
1 ml LC-medium under the same conditions as described(Nunc). After 40 hr, cells migrating from epidermis were
above for control. At Days 3, 5, 7, 9, and 11, 300 mlcollected by centrifugation, washed once in RPMI 1640
culture supernatant was removed and replaced by freshsupplemented with 100 U DNase/ml (Sigma), and resus-
medium. The supernatants were stored in aliquots atpended in 1 to 3 ml RPMI 1640/2% FCS. Anti-MHC class 0707 and analyzed for p24 antigen content.II-coated magnetic beads (Dynal) were added to give an
approximate bead to LC ratio of 5:1 and the suspension
Mixed leukocyte culture
was gently rotated at 47 for 45 min. Rosetted cells were
collected using a magnetic particle concentrator (Dynal) mLC (51 104), either uninfected or infected at an m.o.i.
and washed four times with RPMI 1640/2% FCS. After of 0.2 or 2.0, were mixed with 5 1 105 CD4/ T lympho-
the final wash step rosettes were resuspended in 100 ml cytes. Where indicated the superantigen Staphylococcus
RPMI/2% FCS and 2 U of Detach-a-Bead (Dynal) was aureus Enterotoxin A (SEA) (Sigma) was immediately
added. Incubation at 377 for 60 min led to a complete added to the mixed leukocyte culture at 10 ng/ml. At
detachment of the beads from the cells. Cells were col- Days 1, 3, 5, and 7 postcoculture, 300 ml culture superna-
lected by centrifugation and resuspended in LC-medium. tant was harvested and fresh medium was added. The
Viability of mLC was always 98% as determined by supernatants were stored in aliquots at0707 until further
trypan blue dye exclusion. use. Where indicated, 3*-azido-3*-deoxythymidine (AZT;
Peripheral blood mononuclear cells from buffy coats Sigma) was added to the cocultures at a concentration
of healthy normal donors (obtained from the Red Cross of 10 mM.
blood bank, Berlin–Steglitz) were isolated using Ficoll – For proliferation assays 105 CD4/ T cells were mixed
Hypaque (Pharmacia) gradient centrifugation. CD4/ T with 104 mLC, either uninfected or HIV-1-infected at an
cells were purified using CD4/ T Dynabeads as de- m.o.i. of 0.2 or 2.0. Triplicate cultures were cultivated in
scribed by the manufacturer (Dynal). Cells were de- 200 ml LC-medium for 3, 5, and 7 days in 96-well flat-
tached from beads using Detach-a-Bead (Dynal). Cell bottom plates (Nunc). Where indicated, SEA was added
purity was monitored by flow cytometry. Consistently at 10 ng/ml. Cultures were pulsed with 1 mCi [methyl-
98% of the cells stained positive for CD3 and CD4, less 3H]thymidine (NEN DuPont) in the last 12 hr of culture
than 1% stained positive for CD8. Viability of the cells and subsequently harvested. Incorporated radioactivity
was controlled by trypan blue dye exclusion and was was determined in a scintillation counter (Packard Instru-
always 98%. Cells were cultured overnight in RPMI ments).
1640 supplemented with 10% FCS, 2 mM glutamine, 25
mM HEPES, prior to cocultivation experiments. Immunocytochemistry and electron microscopy
Replicate cocultures of 5 1 104 mLC infected at anVirus preparation and infection of mLC
m.o.i. of 2.0 with 5 1 105 CD4/ T cells were cultured for
18 hr, 36 hr, and 3 days in LC-medium supplementedCulture supernatants of HIV-1 strain IIIB (Popovic et
al., 1984), grown in H9 cells, were cleared of debris by with 10 ng SEA/ml and then processed for immunocyto-
chemistry or electron microscopy. Immunostaining of for-centrifugation (1500 g), filtered through 0.45-mm-pore fil-
ters and stored at 0707 until further use. Virus stocks malin-fixed cytospin preparations was performed as de-
scribed (Kunze et al., 1986) using alkaline phosphatase –were titered for p24 antigen production using an antigen
capture assay (Coulter Immunology) and for tissue cul- anti-alkaline phosphatase (APAAP). Following this,
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monoclonal antibodies (mAb) against the cellular anti- 18 and 36 hr, syncytia appeared CD3-negative or weakly
CD3-positive (Fig. 1C) and CD1a-positive (Fig. 1E). Latergens CD1a (B-B5; Serotec), CD3 (UCHT1; Serotec), and
HLA-DR (L243; ATCC) or a pool of anti-p24 mAb, kindly during coculture, i.e., after 3 days, syncytia were found
to be CD3-positive (Fig. 1D) and weakly CD1a-positiveprovided by Dr. M. Niedrig (Robert Koch-Institut), were
used. Microphotographs of APAAP preparations were or CD1a-negative (Fig. 1F). Therefore, we concluded that
during the early phase of the coculture syncytium forma-taken with an Axiophot microscope (Zeiss) using differen-
tial interference contrast. tion was initiated by the HIV-1-infected mLC, whereas at
later time points syncytium formation occurred betweenFor electron microscopy, cells were fixed with 2.5%
glutaraldehyde for 30 min at room temperature and pro- T cells without the participation of the mLC. Furthermore,
during the late phase of coculture a strong cytopathiccessed for thin-section electron microscopy as detailed
elsewhere (Gelderblom et al., 1987). Briefly, after OsO4 effect, i.e., large numbers of lysed or necrotic cells, could
be observed in the HIV-1-infected mixed cultures (notpostfixation and agar block enclosure cells were treated
successively with 0.1% tannic acid and 2% uranyl acetate shown).
Electron microscopic analysis revealed a productiveto increase contrast. After ethanol dehydration cells were
embedded in Epon. Ultrathin sections were poststained infection of mLC with budding virus particles at the
plasma membrane (Fig. 2), but only few cells with T cellwith lead citrate and evaluated at a Zeiss EM 10 A elec-
tron microscope. morphology were found to be infected during the initial
phase (36 hr) of cocultivation. Close cell – cell interactions
between mLC and the CD4/ T cells were characterizedCytokine assays
by intimate membrane contacts resembling tight junc-
Cytokine concentration at Days 2, 3, and 5 in culture tions (Fig. 2). These observations suggest that the close
supernatants was measured using commercially avail- cell – cell contact between HIV-1-infected mLC and Th
able ELISA. The following tests were used: IL-2 (Quan- cells enabled efficient activation of the T cells and trans-
tikine; R&D), IL-10, IFN-g, and IL-4 (Cytoscreen; Bio- mission of HIV-1.
source). The lower detection limit of these assays was
10 pg/ml for IL-2, 15 pg/ml for IFN-g, 20 pg/ml for IL-4,
Transmission of HIV-1 from productively infectedand 15 pg/ml for IL-10. All determinations were done in
mLC to CD4/ T lymphocytes results in massive virustriplicate.
production and elimination of responding Th cells
RESULTS Mature DC are potent activators of naive and memory
T cells (Steinman, 1991). Thus, as shown above, HIV-1-Productively infected mLC efficiently transmit HIV-1
infected mLC provide the optimal microenvironment forto CD4/ T cells during intimate cell– cell contact and
simultaneous T cell activation and transmission of HIV-initiate syncytium formation
1. To further investigate the kinetics of this interaction,
mLC infected with HIV-1 strain IIIB at low doses (0.2We have recently reported that mLC are susceptible
to infection with both macrophagetropic and lympho- m.o.i.) and high doses (2.0 m.o.i.) were cocultured with
highly purified CD4/ T cells either without or in the pres-tropic strains of HIV-1 (Ludewig et al., 1995b). In order to
determine the transmission mode of HIV-1 from infected ence of the superantigen SEA. SEA, known to cross-link
certain Vb-chains of the T cell receptor with MHC classmLC to Th cells, cocultures were examined at different
time points by immunocytochemistry and electron mi- II antigens (Herman et al., 1991), was used to enhance
Th cell recruitment and, thus, to mimic a massive T cellcroscopy. After 18 hr the CD4/ T lymphocytes readily
clustered around HIV-1-infected mLC (Fig. 1A, arrow). response to an antigen. HIV-1-infected mLC alone pro-
duced only low amounts of p24 antigen, whereas cocul-After 36 hr large clusters of mLC with T cells had formed.
T cells having contact with the dendritic cells, but not ture of HIV-1-infected mLC with CD4/ T lymphocytes at
Day 4 p.i. led to a massive virus production (Fig. 3A). Tthe free T cells, were found to express the activation
marker HLA-DR. These clusters of mLC and activated cell activation, monitored by [3H]thymidine incorporation,
was reduced in cocultures of HIV-1-infected mLC (Fig.T cells were found to be a site of massive HIV-1 produc-
tion (Fig. 1B). 3B). Coculture with mLC infected at an high m.o.i. (2.0)
led to significantly higher virus production (Fig. 3A) andIn the course of the co-culture extensive formation of
syncytia could be observed by light microscopy (not a more effective reduction of the T cell proliferation (Fig.
3B). Addition of SEA led to enhanced HIV-1 productionshown) and immunocytochemistry. Immunostaining with
anti-p24 antigen mAb revealed the rapid appearance of (Fig. 3C) and elevated T cell proliferation. Again, the re-
duction of T cell proliferation was dependent on the dosesyncytia in the clusters (Fig. 1B, arrows). To further inves-
tigate the nature of the syncytia in the coculture, cells of virus used for infection of the mLC prior to cocultivation
(Fig. 3D), but was less pronounced in comparison to thewere stained with mAb against the mLC marker CD1a
and the T cell marker CD3. Early after coculture, i.e., after coculture without SEA. This suggests that the enhanced
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FIG. 2. Thin-section electron microscopy of cell –cell interactions between productively infected mLC (mLC) and Th cells (T) enabling transmission
of HIV-1. (A) Low magnification of HIV-1-infected mLC cocultured with CD4/ T lymphocytes for 16 hr. Virus particles are released by mLC (arrows).
(B) Higher magnification of the boxed area in A demonstrates viral budding from the dendritic cell (arrows). Intimate cellular interactions between
mLC and Th cells were characterized by close membrane contacts resembling tight junctions (arrowhead). Magnifications: A,110,000 (bar represents
3 mm); B, 136,000 (bar represents 500 nm).
recruitment of responding T cells by the superantigen mechanism in AIDS (Clerici et al., 1993, 1994; Maggi et
was able to compensate, at least in part, the cytopathic al., 1994; Graziosi et al., 1994; Meyaard et al., 1994). To
effect of the HIV-1 infection, measured as reduced [3H]- assess more closely the functional consequences of HIV-
thymidine incorporation by the T cells. 1 transmission from productively infected mLC to Th
mLC from different donors showed variations in the cells, the production of IL-2, IL-4, IL-10, and IFN-g in
susceptibility to infection with HIV-1, as 0.9 – 2.1% of the the cocultures was determined. Maximal IL-2 production
cells were p24 antigen-positive at Day 5 when an m.o.i. was observed at Day 3, in some experiments at Day 2,
of 0.2, and 3.2– 9.6% when an m.o.i. of 2.0, was used postcoculture (not shown). In cocultures without (Fig. 4A)
for inoculation (Table 1). Evaluation of three consecutive or in the presence of SEA (Fig. 4D) a reduction of IL-2
experiments showed that the elimination of responding production at Day 3 due to HIV-1 transmission from mLC
T cells, i.e., the reduction of T cell proliferation, strongly to Th cells was detectable, preceding or paralleling the
correlated with the efficiency of mLC infection (Table 1). reduction in the T cell proliferation. Interestingly, at Day
In cocultures of Th cells and mLC incubated with heat- 5 IL-2 secretion in control cocultures and HIV-1-infected
inactivated virus before cocultivation, no p24 antigen was cocultures had reached comparable levels.
detectable and T cell proliferation did not differ from non- In cocultures infected with HIV-1 at a low m.o.i. and in
infected control cultures (not shown). the absence of SEA, IFN-g and IL-10 production reached
higher levels than the control at Day 5 (Figs. 4B and 4C).
Increased production of IFN-g and IL-10 during In cocultures with mLC infected at a high m.o.i. (2.0) and
interaction of HIV-1-infected mLC with Th cells in the absence of SEA, IFN-g and IL-10 secretion was
always lower than in the control, reflecting the low T cellAltered cytokine production of Th cells and other leu-
kocytes is considered to be an important pathogenic proliferation under these conditions (Figs. 4B and 4C). Addi-
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FIG. 3. During interaction of CD4/ T lymphocytes with HIV-1-infected
mLC, responding T cells were infected and subsequently eliminated.
Time course of p24 antigen production in HIV-1-infected mLC cultures
or in cocultures of mLC infected at an m.o.i. of 0.2 or 2.0 with CD4/
T cells either (A) without or (C) in the presence of SEA (10 ng/ml). (B)
FIG. 4. Kinetics of cytokine production in cocultures of HIV-1-infectedProliferation of CD4/ T lymphocytes at different time points cocultured
mLC with CD4/ T lymphocytes. HIV-1-infected or uninfected mLC werewith uninfected mLC or mLC infected at an m.o.i. of 0.2 or 2.0. (D)
cocultured with CD4/ T lymphocytes either (A, B, C) without or (D, E,T cell proliferation of cocultures in the presence of SEA (10 ng/ml).
F) in the presence of SEA (10 ng/ml). The levels of IL-2 (A, D), IFN-gIncorporation of [3H]thymidine in controls at Day 3: CD4/ T cells, 35
(B, E), and IL-10 (C, F) secretion at Days 3 and 5 after coculture are{ 6 cpm; CD4/ T cells plus SEA, 176 { 13 cpm; CD4/ T cells plus
shown. The results shown are representative of three independentPHA (2 mg/ml), 1476 { 109 cpm; mLC, 29 { 12 cpm.
experiments. When assayed on Day 3 the supernatants of uninfected
or HIV-1-infected mLC cultures did not contain IL-2, IL-4, IFN-g, or IL-
10 at detectable levels.tion of superantigen led to an enhanced IFN-g and IL-10
production in cocultures with mLC infected at both the low
T cell proliferation, induced a enhanced cytokine produc-and the high m.o.i. (Figs. 4E and 4F). IL-4 was not produced
tion, particularly of IFN-g and IL-10.at detectable levels (30 pg/ml) by CD4/ T cells stimu-
lated either by uninfected or by HIV-1-infected mLC. Cocul-
AZT efficiently reduced viral replication in thetures of Th cells with mLC incubated with heat-inactivated
cocultures, but did not influence the elevated cytokinevirus showed a cytokine production comparable to that of
productionthe noninfected control cultures (not shown). Taken to-
gether, these results suggest that the interaction of HIV-1- To test whether the elevated cytokine production after
HIV-1 transmission was due to viral replication in the acti-infected mLC with CD4/ T lymphocytes, despite a reduced
TABLE 1
Production of p24 Antigen and Reduction of T Cell Proliferation during Interaction of HIV-1-Infected mLC with CD4/ T Lymphocytes
Coculture Coculture plus SEA
mLC culture
Growth Growth
p24 Ag Inf. mLC p24 Ag inhibition p24 Ag inhibition
Expt m.o.i. (ng/ml)a (%)b (ng/ml)a (%)c (ng/ml)a (%)c
I 0.2 0.56 0.9 1.4 4 16.1 3.1
2.0 3.9 3.2 18.4 38.8 112.8 26.8
II 0.2 0.98 1.2 11.4 31 46.3 5.2
2.0 11.1 6.3 64.1 88 193.6 65.2
III 0.2 3.1 2.1 37.9 70.2 165.8 45.3
2.0 14.6 9.6 111.2 95.4 512.7 71.3
a p24 antigen concentration in culture supernatants at Day 5 p.i. or at Day 5 postcoculture.
b Data represent the percentage of p24 Ag-positive mLC in APAAP immunocytochemistry at Day 5 p.i.
c Values represent the reduction of T cell proliferation at Day 5 postcoculture relative to uninfected control cultures, measured by [3H]thymidine
incorporation.
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FIG. 5. Influence of AZT on (A) p24 antigen production, (B) T cell proliferation, and (C) cytokine production during interaction of HIV-1-infected mLC with
Th cells. Cells were cocultured in the presence of SEA (10 ng/ml); AZT concentration was maintained at 10 mM throughout the culture period. (A) Production
of p24 antigen at Day 5 of coculture in the absence (black bars) or the presence of AZT (gray bars). p24 concentration in the corresponding mLC culture
at Day 5 p.i., 0.2 m.o.i., 1.2 ng/ml; 2.0 m.o.i., 7.4 ng/ml. (B) T cell proliferation at Day 5 postcoculture in the absence (black bars) or the presence of AZT (gray
bars). (C) Production of IL-2, IFN-g, and IL-10 in the cocultures at Days 3 and 5 after coculture without (left) or in the presence of AZT (right).
vated Th cells, AZT was used to block viral spread in the be target cells for HIV-1 in vivo (McIlroy et al., 1995).
mLC, obtained by maturation of skin precursors (Ludewigcocultures. Viral replication in the cocultures, determined
as p24 production, was reduced under AZT treatment, et al., 1995b), and thymic and tonsil IDC (Cameron et al.,
1994b) were found to express considerable amounts ofalthough higher than in the cultures of HIV-1-infected mLC
alone (Fig. 5A). Ongoing syncytium formation in the cocul- CD4 and to promote HIV-1 replication. During interaction
of productively HIV-1-infected mLC with CD4/ T cells, astures under AZT treatment was still detectable by light
microscopy throughout the coculture period (not shown). described in this report, close cell – cell contact facilitated
AZT alone inhibited T cell proliferation. A further reduction efficient transmission of HIV-1 and development of syncy-
in proliferation was found in the cocultures with HIV-1- tia between mLC and the adjacent Th cells.
infected mLC (Fig. 5B). These data suggest that in the Virus transmission to Th cells has been shown also
presence of AZT the infected mLC continued to produce by HIV-1-pulsed BDC, but only T cells participated in the
virus and that Th cells interacting with these infected mLC development of syncytia without the involvement of the
participated in syncytium formation. DC (Cameron et al., 1992b, 1994a). Cultures of cells mi-
AZT had no significant effect on the cytokine produc- grating from human skin, i.e., conjugates of LC and T
tion in infected and uninfected cocultures. Again, the cells, showed syncytium formation between LC and T
IFN-g and IL-10 secretion was particularly elevated in cells after infection with HIV-1 (Pope et al., 1994). An
cocultures with HIV-1-infected mLC (Fig. 5C). These re- infection of LC could not be detected by Pope et al. (1994)
sults indicate that the infection of the dendritic cells and and the route of viral spread remained unclear, probably
not the high virus production in the coculture led to the because the strong HIV-1 production of activated T cells
elevated cytokine production. hampered the detection of the only weakly HIV-1-produc-
ing LC. The approach used in the present report, i.e.,
DISCUSSION infection of mLC prior to cocultivation with Th cells, en-
abled us to demonstrate the direction of viral spread fromIDC, known to play an important role in the initiation
of immune responses, have only recently been shown to mLC to the Th cells during their interaction.
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Recently, infection from cell to cell has been shown to immune responses found in HIV-1-infected individuals
(Walker et al., 1987; Phillips et al., 1991; Koup et al., 1994).be a more efficient means of transmitting HIV-1 than
infection by cell-free virus (Gupta et al., 1989; Sato et al., This mechanism of virus-induced immune suppression
by cytotoxic T lymphocytes directed against IDC infected1992). Embretson et al. (1993) found proviral HIV-1 DNA
in germinal centers as well as in the paracortical T cell with lymphocytic choriomeningitis virus has only recently
been described by Borrow et al. (1995). We thereforeareas in lymphoid tissues of HIV-1-infected individuals.
Furthermore, the simultaneous expansion of specific propose that the infection of IDC with HIV-1 should be
considered an important factor in AIDS pathogenesis.HIV-1 and T cell subsets due to antigen presentation-
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